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INTRODUCTION
Heat shock proteins (Hsps) have an essential 
role in most organisms, participating in many ba-
sic processes, such as protein folding (ELLIS and 
HARTL 1999). Mitochondrial Hsp60 chaperonin 
was studied in different organisms and it was 
shown to be involved in the folding of proteins 
imported into the mitochondrial matrix, assembly 
of protein complexes when required, and sorting 
of proteins to different locations in mitochondria, 
favoring the transport of imported proteins across 
membranes (BUKAU and HORWICH 1998; SOLTYS 
and GUPTA 1999). As shown by sequence similar-
ity at protein as well as at mRNA level, P. lividus 
mitochondrial Hsp56 is the homologue of verte-
brate Hsp60 chaperonin.
We previously showed that Hsp56 is expressed 
at all stages of sea urchin development and, in 
heat-shocked embryos, the chaperonin concen-
tration increases and it becomes evident also in 
the ectodermal layer, as shown by in situ (whole 
mount) immunoreaction (ROCCHERI et al. 2001). 
As previously reported (ROCCHERI et al. 2004), al-
so sublethal cadmium concentrations have a clear 
effect on Hsp56 expression. In this paper, the ter-
ritorial distribution of Hsp56 in embryos exposed 
to stress conditions was determined by Western 
analysis. We also analyzed, by “in situ hybridiza-
tion”, the Hsp56 mRNA localization, both in nor-
mal developing embryos and in gastrulae which 
underwent heat-shock. Finally, by T1 RNase as-
say, we looked for proteins able to bind to Hsp56 
mRNA, possibly regulating its localization. It is 
indeed well known that post-trancriptional regu-
lation of mRNA expression can be operated by 
proteins interacting with speciﬁc regions of mes-
sengers, often localized in the 3’-UTR (DERRIGO 
et al. 2000; COLEGROVE et al. 2005; ST JOHNSTON 
2005).
MATERIALS AND METHODS
Embryo culture and cell fractionation - Embryo 
culture and cell fractionation were carried out 
as described by ROCCHERI et al. (2001); ectoder-
mal and endodermal cells were prepared from 
P.lividus plutei as reported by ROCCHERI et al. 
(1979).
Western analyses - Sample preparation, SDS-
PAGE electrophoretic analysis and Western blot-
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ting were performed as described by ROCCHERI et 
al. (2001). Protein concentration was determined 
according to BRADFORD (1976). Protein markers, 
monoclonal anti-human Hsp60 antibodies and 
monoclonal anti-chicken actin antibodies were 
from Sigma. Autoradiographs and stained mem-
branes were scanned and planimetries of scans 
were used to calculate, by ImageJ program, the 
relative abundance of proteins.
Whole mount in situ hybridization and digoxigen-
in labeled probes - Whole mount in situ hybridi-
zation was performed as previously described 
(GIANGUZZA et al. 1995). A 310 bp-long frag-
ment of the coding region of Hsp56 cDNA (nt 
1456-1788) was ampliﬁed by PCR using the 5’-
GCAACCAGGGCTGCAGTAGAG-3’ forward 
and 5’-AGATGCCACGCCCGATGCATC-3’ re-
verse primers.
The product of the ampliﬁcation was used 
in asimmetric PCR reactions (TAUTZ et al. 1992) 
to generate digoxigenin-labeled single-stranded 
DNA sense and antisense probes.
Preparation of in vitro transcribed RNAs for T1 
RNase assay - A region of the P.lividus Hsp56 cD-
NA (GIANGUZZA et al. 2000; Genbank accession 
n° AJ249625) was ampliﬁed by PCR and cloned 
between KpnI and EcoR1 sites of Bluescript (+) 
SK plasmid. The oligonucleotides used for PCR 
ampliﬁcation were:
5 ’ - G C G C G G TA C C G G C A C G A G C T-
CAGCCGTA-3’ forward and
5’-GCGCGGGAATTCTCTCCTGCCTC-
CTCGTTG-3’ reverse (fragment 54-510);
T1 RNase protection assay - T1 RNase protection 
assay was carried out according to the method 
described by ZAIDI and MALTER (1994), as modi-
ﬁed by IZQUIERDO and CUEZVA (1997). Brieﬂy, cell 
extracts (15mg of total proteins) were incubated 
for 10 min, at 30°C, with 1 x 106 cpm (speciﬁc 
activity: 1-2 x 107 cpm/pmol of RNA) of in vitro 
transcribed, radiolabeled RNA. Samples were 
then incubated for 30 min at 37°C, with 100 units 
of T1 RNase (Roche) to degrade the whole of 
the RNA except the regions protected by bound 
proteins; the extracts were ﬁnally exposed to a 
spectroline UV (254 nm) lamp (Aldrich Chemical 
Co., Inc.), for 20 min at 4°C, to cross-link RNA 
to proteins. The covalent radioactive complexes 
were analyzed by denaturing electrophoresis on 
sodiumdodecylsulfate (SDS)-polyacrylamide slab 
gels (PAGE), according to LAEMMLI (1970) and 
the gels were directly exposed to x-ray ﬁlm for au-
toradiography, with intensifying screens, for 12-
18 h, at –70°C. At the end of exposure, the gels 
were stained with Coomassie brilliant Blue R-250 
(Sigma) to conﬁrm the loading of equal amounts 
of proteins per lane.
RESULTS
It was previously shown by immunolocaliza-
tion that Hsp56 has a characteristic distribution 
in P.lividus embryos, being apparently more abun-
dant in the archenteron and mesenchimal cells of 
gastrulae and in the archenteron of plutei, and 
that the protein increases in heat-shocked embry-
os (ROCCHERI et al. 2001). It is worth noting that 
Hsp56 concentration is higher in embryos grown 
in the presence of cadmium than in control em-
bryos (unpublished results).
Moreover, it was also shown by Western blot 
(ROCCHERI et al. 2001; ROCCHERI et al. 2004) that 
Hsp56 protein is more abundant in P.lividus 
gastrulae grown in stress conditions. To test the 
levels and localization of the protein in stressed 
whole plutei, and in their ectodermal and endo-
dermal cells separately, after fertilization, P. liv-
idus embryos were divided into two batches, one 
of which was incubated with 0.1mM CdCl2: both 
batches were grown at physiological temperature 
(20°C) until pluteus stage. For heat-shock ex-
periments, a batch of normally developed plutei 
was kept for 90 minutes at 31°C and then col-
lected. To evaluate the increase of Hsp56 pro-
tein in different regions of the stressed embryos, 
ectodermal and endodermal cells were isolated 
from control, heat-shocked and cadmium-treat-
ed plutei, according to the method suggested by 
ROCCHERI et al. (1979). Whole plutei and iso-
lated cells were used to prepare mitochondrial 
protein extracts. The Western analysis reported 
in ﬁgure 1a (upper panel), carried out using an 
anti-Hsp60 monoclonal antibody, shows a clear 
increase of Hsp56 in heat-shocked- (lane 2) and 
cadmium-treated- plutei (lane 3), respect to nor-
mally grown plutei (lane 1). Moreover, in control 
plutei, the amount of the Hsp56 protein in en-
dodermal cells (lane 4) is slightly higher than in 
ectodermal cells (lane 7). After heat-shock (lane 
5, endodermal cells; lane 8, ectodermal cells), or 
cadmium treatment (lane 6, endodermal cells; 
lane 9, ectodermal cells), there is an increase of 
Hsp56 both in the ectodermal- and endodermal- 
layer of stressed plutei. The blots were also in-
cubated with an anti-actin antibody, to normal-
ize for the amounts of loaded proteins (ﬁgure 1a, 
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lower panel). The graphic representation in ﬁg-
ure 1b summarizes the results of 3 independent 
experiments analyzed by Student t test, and the 
signiﬁcance calculated for each group of sam-
ples.
Afterwards, the distribution of the Hsp56 mR-
NA in whole embryos at different stages of devel-
opment, as well as in heat-shocked gastrulae, was 
visualized by “in situ” hybridization assays, using 
as a probe a digoxigenin-labeled fragment of the 
Hsp56 cDNA (nt 1456-1788). Figure 2 shows an 
example of the mRNA localization in the embry-
os. In 2-cell embryos (b), the messenger is quite 
evenly distributed, while in 4-cell embryos (d) it 
is more concentrated at the periphery of the cells, 
just under the plasma membrane. In embryos at 
blastula (not shown) and gastrula (f) stages, the 
mRNA distribution reﬂects that of the protein: its 
concentration is apparently higher in the vegeta-
tive region of blastulae (not shown) and in the en-
dodermal layer of gastrulae (f), and increases in all 
territories of the heat-shocked gastrulae (g). The 
Fig. 1 — Western blot analysis of Hsp56 in P.lividus plutei. a) 15 mg of proteins from mitochondrial extracts pre-
pared from 1) control plutei; 2) heat-shocked (Hs) plutei; 3) cadmium-treated (Cd) plutei; 4) endodermal control 
cells; 5) endodermal Hs cells; 6) endodermal Cd cells; 7) ectodermal control cells; 8) ectodermal Hs cells; 9) ec-
todermal Cd cells, reacted with anti-Hsp60 antibody (upper panel), or with anti-actin antibody (lower panel). b) 
graphic representation of Western analyses data (mean of three experiments). Bars indicate mean values for each 
sample. Standard deviations are indicated. *p<0, 025 when compared to sample 1; **p<0, 05 and ***p<0, 025 
when compared to sample 4; ¤p<0, 0125 and ¤¤p<0, 025 when compared to sample 7.
Fig. 1
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distribution of Hsp56 mRNA suggests that its lo-
calization could be regulated, possibly through in-
teraction with RNA-binding proteins. To inquire 
on such hypothesis, different regions of the Hsp56 
Fig. 2 — Whole mount in situ hybridization of 
P.lividus embryos with digoxigenin-labeled Hsp56 sin-
gle stranded DNA probes. a) 2 blastomeres embryo 
hybridized with Hsp56 sense probe; b) 2 blastomeres 
embryo hybridized with Hsp56 antisense probe; c) 
4 blastomeres embryo hybridized with Hsp56 sense 
probe; d) 4 blastomeres embryo hybridized with an-
tisense Hsp56 probe; e) control (20°C) gastrula hy-
bridized with sense Hsp56 probe; f) control (20°C) 
gastrula hybridized with antisense Hsp56 probe; g) 
heat-shocked gastrula (31°C) hybridized with anti-
sense Hsp56 probe.
cDNA were in vitro transcribed, and the corre-
sponding radioactive transcripts were incubated 
with cytoplasmic extracts from P. lividus embryos 
and analyzed by T1 RNase protection assay. As 
shown in ﬁgure 3, the initial region of the mes-
senger (nt 54-510 of the cDNA) binds a protein, 
present in the post-nuclear extracts from blastulae 
and gastrulae (BL; GA). The protein complex has 
an apparent mass of about 90 kDa and its concen-
tration increases during development. As it can 
be seen in the ﬁrst lane (No), where the RNase 
T1-digested riboprobe was loaded as control, no 
band is formed in the absence of extract.
DISCUSSION
We analyzed the territorial expression of 
Hsp56 in P.lividus normal and stressed plutei, and 
we found that stress conditions induce a sharp in-
crease of the expression of the protein, in whole 
embryos as well as in isolated endodermal and 
ectodermal cells, conﬁrming previous results. “In 
situ” hybridization assays show that the level of 
the mRNA increases in shocked gastrulae, thus 
conﬁrming results obtained by northern experi-
ments (DI LIEGRO and RINALDI 2007). These re-
sults suggest that the stress-induced regulation 
of hsp56 gene expression is mainly played at the 
transcriptional level. As we recently isolated and 
characterized the hsp56 gene (Genbank accession 
n° DQ464426) from a P.lividus genomic library, 
experiments are now in progress aimed at study-
ing regulation of the gene promoter.
A further ﬁnding concerns the peculiar dis-
tribution of Hsp56 mRNA in the embryo, which 
suggests that its localization might be regulated, 
possibly through interaction with RNA-binding 
proteins. Indeed, we found two proteins that inter-
act with different regions of Hsp56 mRNA, form-
ing at least two complexes. One of the complexes, 
of about 90 kDa, is formed between a region of 
the mRNA including the 5’UTR and a protein 
present in the cytoplasmic extract (ﬁg. 3); another 
complex, of about 40 kDa (DI LIEGRO and RINAL-
DI 2007), involves the most proximal region of the 
3’UTR of Hsp56 messenger and a protein present 
in the mitochondrial fraction. Formation of these 
two complexes might be responsible for localiza-
tion of Hsp56 mRNA. As the identiﬁed proteins 
interact with opposite regions of the messenger it 
could be hypothesized that their function is based 
on formation of some speciﬁc mRNA structure 
that involves both ends of mRNA.
di liegro, agnello, casano, roccheri, gianguzza and rinaldi86
Acknowledgements — We thank I. Di Liegro for 
critical reading of the manuscript and G. Morici for 
technical assistance. This work was supported by MIUR 
(ex 60% and COFIN 2004, grant 2004057282-003).
REFERENCES
BRADFORD M.M., 1976 — A rapid and sensitive method 
for the quantitation of microgram quantities of pro-
tein utilizing the principle of protein-dye binding. 
Analytical Biochemistry, 72: 248-254.
BUKAU B. and HORWICH A.L., 1998 — The Hsp70 and 
Hsp60 chaperone machines. Cell, 92: 351-66.
COLEGROVE-OTERO L.J., MINSHALL N. and STANDART 
N., 2005 — RNA-binding proteins in early devel-
opment. Critical Review in Biochemistry and 
Molecular Biology, 40: 21-73.
DERRIGO M., CESTELLI A., SAVETTIERI G. and DI LIEGRO 
I., 2000 — RNA-protein interactions in the control of 
stability and localization of messenger RNA. Interna-
tional Journal of Molecular Medicine, 5: 111-23.
DI LIEGRO C.M. and RINALDI A.M., 2007 — Hsp56 
mRNA in Paracentrotus lividus embryos binds to a 
mitochondrial protein. Cell Biology International, 
31: 1331-5
ELLIS R.J. and HARTL F.U., 1999 — Principles of protein 
folding in the cellular environment. Current Opin-
ion in Structural Biology, 9: 102-110.
GIANGUZZA F., CASANO C. and RAGUSA M., 1995 — Al-
pha-tubulin marker gene of neural territory of sea 
urchin embryos detected by whole-mount in situ hy-
bridization. International Journal of Developmental 
Biology, 39: 477-483.
GIANGUZZA F., RAGUSA M.A., ROCCHERI M.C., DI LIE-
GRO I. and RINALDI A.M., 2000 — Isolation and 
characterization of a Paracentrotus lividus cDNA en-
coding a stress-inducible chaperonin. Cell Stress & 
Chaperones, 5: 87-89.
IZQUIERDO J.M. and CUEZVA J.M., 1997 — Control of 
the translational efﬁciency of beta-F1-ATPase mR-
NA depends on the regulation of a protein that binds 
the 3’ untranslated region of the mRNA. Molecular 
and Cellular Biology, 17: 5255-5268.
LAEMMLI U.K., 1970 — Cleavage of structural proteins 
during the assembly of the head of bacteriophage T4. 
Nature, 227: 680-685.
ROCCHERI M.C., AGNELLO M., BONEVENTURA R. and 
MATRANGA V., 2004 — Cadmium induces the expres-
sion of speciﬁc stress proteins in sea urchin embryos. 
Biochemical and Biophysical Research Communi-
cations, 321: 80-87.
ROCCHERI M.C., DI BERNARDO M.G. and GIUDICE G., 
1979 — Archenteron cells are responsible for the 
increase in ribosomal RNA synthesis in sea urchin 
gastrulae. Cell Biology International Reports, 3: 
733-737.
ROCCHERI M.C., PATTI M., AGNELLO M., GIANGUZZA 
F., CARRA E. and RINALDI A.M., 2001 — Localiza-
tion of mitochondrial Hsp56 chaperonin during sea 
urchin development. Biochemical and Biophysical 
Research Communications, 287: 1093-1098.
Fig. 3 — Identiﬁcation of an Hsp56 RNA-binding protein in P. lividus embryos by T1 RNase protection assay. An 
Hsp56 cDNA region (nt 54-510), was in vitro transcribed, incubated with post-nuclear extracts, prepared from 
blastulae (BL) and gastrulae (GA), and treated with RNase T1. 1 x 106 cpm of radiolabeled riboprobe, treated with 
T1 RNase in the absence of proteins, were loaded on ﬁrst lane (No), as control.
Fig. 3
hsp56 distribution in P.LIVIDUS embryos 87
SOLTYS B.J. and GUPTA R.S., 1999 — Mitochondrial mo-
lecular chaperones hsp60 and msh70. In: Stress pro-
teins, ed Latchman DS. Springer, Berlin, 68-100.
ST JOHNSTON D., 2005 — Moving messages: the in-
tracellular localization of mRNAs. Nature Reviews 
Molecular Cell Biology, 6: 363-75.
TAUTZ D., HULSKAMP M. and SOMMER R.J., 1992 — 
Whole mount in situ hybridization in Drosophila. 
In: In situ hybridization. A practical approach, ed 
Wilkinson DG. IRL press, London, 61-73.
ZAIDI S.H. and MALTER J.S., 1994 — Amyloid precursor 
protein mRNA stability is controlled by a 29-base el-
ement in the 3’-untranslated region. Journal of Bio-
logical Chemistry, 269: 24007-24013.
Received April 17th 2007; accepted September 10th 2007
